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(57) ABSTRACT 
A wire-based heating element is provided having first and 
Second portions twisted about each other Such that magnetic 
flux emitted from one portion is Substantially cancelled by 
magnetic flux emitted from the other portion. A bonding 
material that fixedly connects the two portions of the heating 
element and restricts their movement relative to each other 
to thereby maximize the cancellation of magnetic flux. A 
Substrate-based heating element is also provided having 
traces on opposed Sides of a Substrate and overlying each 
other to cancel magnetic flux. Electrical connection pads are 
located on the same Side of the Substrate, and the Second 
trace extends passed the first trace to connect to the Second 
connection pad. A lead connected to the first connection pad 
overlies the portion of the Second trace that extends to the 
Second connection pad to thereby cancel magnetic flux 
emissions from this portion of the Second trace. 
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HEATING ELEMENTS WITH REDUCED STRAY 
MAGNETIC FELD EMISSIONS 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

0001. This invention was made with government support 
under contract number NO0030-00-C-0006 awarded by the 
United States Navy. The government has certain rights in 
this invention. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to electri 
cally resistive heating elements and more particularly to 
heating elements configured Such that emissions of magnetic 
flux from the heating elements are reduced. 

BACKGROUND OF THE INVENTION 

0.003 Most electronic devices experience changes in 
operating characteristics based on their operating tempera 
ture. For most applications, these variations are slight and 
can either be ignored or compensated for through calibra 
tion. However, there are instances in which environmental 
temperature regulation is required to ensure proper operation 
of an electronic device. For example, in many space appli 
cations where temperatures are extremely cold, environmen 
tal temperature regulation is required. At these extreme 
temperatures, electronic components may have operating 
characteristics that are quite different from their operating 
characteristics at room temperature causing them to mal 
function or provide erroneous readings. Further, temperature 
regulation is also typically required for components that are 
particularly Sensitive to variations in temperature. One 
example of Such a device is a precision fiber optic gyro 
(FOG). Precision FOGs are particularly sensitive to changes 
in temperature. In precision applications, changes in the 
operating temperature of only a few millidegrees can affect 
the performance of the gyros significantly. 
0004. In many applications, strip heaters are used in 
temperature control Systems for providing heat to electronic 
devices. Strip heaters include a resistive element that gen 
erates heat when a current is applied thereto. The heating 
element is either an elongated wire or trace of resistive 
material deposited on a Substrate. The heating element is 
typically arranged in a pattern over a defined area to thereby 
provide uniform heat over the defined area. When current is 
applied to the heating element, heat is emitted from the Strip 
heater. 

0005 While strip heaters are considered an inexpensive 
and efficient means of providing heat to electronic devices 
for environmental temperature control, there are Some draw 
backs to these devices. Specifically, as known in the art, 
when a current is applied to an elongated wire or trace, a 
magnetic field or flux is emitted from the heating element. 
This magnetic flux is problematic for Several reasons. In 
terms of public Safety, Studies have linked high magnetic 
flux emissions as contributing to increased risk of cancer and 
other health problems. In addition, in terms of electronic 
device design, magnetic flux emissions, even at Substantially 
lower levels, are known to negatively effect the performance 
of electronics and Some types of fiber optics. Stray magnetic 
flux can also introduce output changes, drift, or noise into 
electronic components, which can corrupt data Signals in an 
electronic device. 
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0006 The magnetic flux emitted from a wire having 
infinite length is defined by the equation: 

0008) =4tx107 henries per meter; 
0009 i=amperes (AC and/or DC); and 

where: 

0010) d=distance from wire in meters. 
0011 AS mentioned above, many conventional strip heat 
erS employ elongated heating elements that are formed into 
patterns. These elongated heating elements can produce 
Significant levels of magnetic flux. AS Seen from the equa 
tion above, the amount of flux emitted is inversely propor 
tional to the distance d from the heating element. In most 
cases, the heating element is placed as close as possible to 
the item to be heated, thereby intensifying the amount of 
magnetic flux to which the element to be heated is Subjected. 
Thus, although a Strip heater element will Serve to raise or 
regulate the operating temperature of the electronic device to 
a desired level, the magnetic flux emitted by the Strip heater 
can adversely affect the electronic device's operation. 
0012 Considerable effort, costs, and research is 
expended in electronic device design applications to Shield 
devices from and eliminate Sources of magnetic flux that 
may disrupt operation of the electronic device. For example, 
FIGS. 1A and 1B illustrate one conventional strip heater 10 
having Somewhat reduced magnetic flux emissions. AS 
illustrated, the heater 10 includes a continuous heating 
element 12 that is folded in half to form two portions, 14 and 
16. To reduce magnetic flux emissions, the two portions 14 
and 16 are twisted about each other. When current is applied, 
as shown by the current arrows, current flows through the 
first portion 14 of the heating element 12 in one direction 
and through the Second portion 16 in an opposite direction. 
In this configuration, because the current is the same mag 
nitude through both portions, 14 and 16, magnetic flux 
emitted from the first portion 14 of the heating element is 
Substantially cancelled by the magnetic flux emitted from 
the second portion 16. 
0013 Importantly, the amount of magnetic flux emission 
cancellation is related to the proximity of the first 14 and 
Second 16 portions of the heating element to each other. In 
other words, the tighter the heating elements are twisted 
about each other, and the finer the elements are in terms of 
average diameter, the better the magnetic flux cancellation. 
Separations and air gaps between the first and Second 
portions of the heating element, however, and the use of 
loosely wound, poorly-anchored, large diameter (0.010 
inches or more) wires reduce the level of magnetic flux 
cancellation. AS Such, it is important to eliminate Separations 
and air gaps between the first and Second portions of the 
heating element for maximum magnetic flux cancellation. 
0014 Current heating element designs, however, do not 
properly address these problems. Specifically, for the most 
part, twisted heating element type Strip heaters have been 
employed in heating blankets and Similar applications. In 
these applications, heating elements are typically placed in 
the blanket material in a loose fashion. In this instance, the 
heating element is free to flex with the movements of the 
blanket. The flexing of a heating blanket also flexes the 
heating element allowing for Separations and/or air gaps to 
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form between the first 14 and second 16 portions of the 
heating element 12. For example, FIG. 1B illustrates a 
conventional heating element 12 in a flexed State. AS can be 
Seen, because the first and Second portions are not fixed with 
respect to each other, air gaps 18 form in the flexed heating 
element, which thereby increase the amount of net magnetic 
flux emissions, (i.e., non-cancelled), by the heating element. 
While generally Safe for human use, Such heating blankets 
and Similar devices can typically emit flux at levels tens or 
hundreds of times higher than many Sensitive electronic 
devices can tolerate. 

0.015 Some strip heating elements are substrate based, 
which means they are formed by depositing resistive traces 
on a Substrate as opposed to wires. Advances have also been 
made to these Substrate-based Strip heaters to reduce mag 
netic flux emissions. In these Systems, it is difficult to 
manufacture the heating element So that it has two portions 
twisted about each other. For this reason, conventional low 
flux Substrate-based Strip heater Systems can be designed 
Such that the resistance traces overlay each other on the 
opposed sides of the substrate. FIG. 2 illustrate a typical 
Substrate-based Strip heater System. Specifically, the Strip 
heater System 20 includes a Substrate 22 and first and Second 
electrically resistive traces, 24 and 26. Importantly, the first 
and Second traces are located on opposed sides of the 
Substrate 22. The two traces each have opposed ends, (24a 
and 24b) and (26a and 26b), and bodies 24 and 26. Impor 
tantly, the bodies of each of the traces overlay each other in 
a corresponding pattern. Further, the opposed ends 24b and 
26b are connected to each other by a via 28 extending 
through the Substrate 22 to create a continuous heating 
element between the first ends 24a and 26a. In these 
systems, similar to the heating elements illustrated in FIG. 
1A, current is applied to one end 24a of the trace and current 
(A.C. or D.C.) flows in opposite directions between the 
traces at any instant as shown by the arrows. This opposite 
flow causes a cancellation between the magnetic flux emit 
ted by one trace and the magnetic flux emitted by the other 
trace. 

0016 Although these conventional substrate-based strip 
heating Systems effectively reduce the amount of harmful 
magnetic flux emitted, present Substrate-based Strip heater 
designs do not maximize magnetic flux reduction. Specifi 
cally, as illustrated in FIG. 2, in many current substrate 
based Strip heater designs, the patterns of the first and Second 
traces, 24 and 26, do not match each other at the location 
where they are connected to the via 28. Instead, there is a 
loop 30. This non-matching pattern area 30 results in a net 
magnetic flux emission between the portions, 32a and 32b, 
of the first and Second traces, 24 and 26, because they do not 
Sufficiently overly each other So as to maximize magnetic 
flux cancellation. 

0017 Additionally, for most Substrate-based strip heater 
applications, it is advantageous to form connection pads, 34 
and 36, on the same side of the substrate 22. To accomplish 
this, the contact pads 34 and 36, are offset from each other 
on the same Surface, and the trace on the opposed Surface, 
in this case the Second trace 26, is redirected to the position 
of its corresponding connection pad 36. The trace 26 is 
connected to the connection pad 36 by a via 38 extending 
through the Substrate. AS illustrated, the pattern of the 
Second trace 26 again diverges from the pattern of the first 
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trace 24. Here again, because the patterns do not overly each 
other for the portion 32b, magnetic flux emissions are not 
effectively minimized. 

SUMMARY OF THE INVENTION 

0018. In light of the problems with the conventional 
heating elements discussed above, the present invention 
provides both wire-based and Substrate-based heating ele 
ments that effectively minimize the amount of magnetic flux 
emitted. Specifically, the heating elements of the present 
invention reduce the number of potential gaps, loops, and 
Separations between the portions of a heating element that 
can cause a net magnetic flux emission. 
0019 For example, in one embodiment, the present 
invention provides a wire-based heating element having a 
body comprising first and Second portions that are twisted 
about each other Such that magnetic flux emitted from 
current flowing in one portion of the heating element is 
Substantially cancelled by magnetic flux emitted from cur 
rent flowing in the other portion of the heating element. 
Importantly, in this embodiment, the heating element further 
includes a bonding material that at least partially overlayS 
the first and Second portions of the heating element. The 
bonding material fixedly connects the two portions of the 
heating element that are twisted about each other together 
and restricts their movement relative to each other. This, in 
turn, reduces the potential for Separations and/or air gaps 
between the first and Second portions that would create a net 
magnetic flux emission by the heating element. 
0020. In addition to providing bonding material to fixedly 
connect the two portions of the heating element relative to 
each other, the present invention, in Some embodiments, also 
provides a backing material for Supporting the first and 
Second portions of the heating element. More specifically, 
one embodiment of the present invention provides a backing 
material to which the first and Second portions of the heating 
element are fixedly connected by the bonding material. In 
this embodiment, the backing material further reduces the 
amount of flex between the first and second portions of the 
heating element thereby minimizing the numbers of Sepa 
rations and/or air gaps that can be introduced between the 
first and Second portions when the heating element is flexed. 
In a further embodiment, the backing material may further 
include an adhesive layer on a side opposite from the 
location of the heating element. The adhesive layer allows 
the heating element to be fixedly connected to a body to be 
heated by the heating element. Alternatively, the adhesive 
layer can be on the same Side of the backing material as the 
heating element. 
0021. The present invention also provides embodiments 
in which the heating element itself is attached to the backing 
material in a Serpentine pattern. The Serpentine pattern 
effectively decreases the Strain in the heating element due to 
tension forces that may be applied to the heating element 
during flexing. The pattern also provides for more uniform 
heating. In this embodiment, because the first and Second 
portions of the heating element are fixedly bonded together 
and are further bonded to the backing material by the 
bonding material and because of the Serpentine pattern of the 
heating element on the backing material, the present inven 
tion effectively minimizes the number of Separations and/or 
air gaps that can be introduced between the first and Second 
portions of the heating element that would create a net 
magnetic flux emission. 
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0022. In some embodiments, the heating element of the 
present invention has a Specific length corresponding to a 
desired heat output for the element. In these embodiments, 
the heating element may be required to fit within a Selected 
area of the backing material to provide heat within that given 
area. In this embodiment of the present invention, the 
heating element, having a Selected length L defines a Ser 
pentine pattern within the Selected area having a width W and 
a length d. In this instance, the Serpentine pattern creates 
ZigZag portions that form triangles having a base 2x and 
Sides r. To properly fit the Selected length L of the heating 
element in the Selected area, the ZigZag portions of the 
heating element have a Selected triangle base width. Spe 
cifically, if the area of the backing in which the heating 
element is to be patterned has a width W and a length d and 
a heating element has an overall length of L, then half of the 
base length (x) of each triangle in the ZigZag pattern will be 
defined by the following equation: 

0023. In addition to providing wire based heating ele 
ments, the present invention also provides Substrate-based 
heating elements. The Substrate-based heating elements of 
the present invention reduce the number of loops and gaps 
between the first and Second portions of the heating element, 
thereby minimizing the amount of magnetic flux emissions. 
For example, in one embodiment, the present invention 
provides a Substrate-based Strip heater having first and 
Second heating element traces respectively located on first 
and Second opposed Sides of a Substrate. The first and Second 
traces have at least one of a corresponding pattern and a 
corresponding position relative to each other, Such that 
magnetic flux emitted from current flowing in the first trace 
is Substantially cancelled by magnetic flux emitted from 
current flowing in the Second trace. The heating element of 
this embodiment further includes a first connection pad 
located on the first Side of the Substrate in electrical com 
munication with the first trace. Additionally, the heating 
element further includes a Second connection pad also 
located on the first Side of the Substrate in electrical com 
munication with the Second trace. There are first and Second 
leads respectively connected to the first and Second connec 
tion pads for applying electrical current thereto. 
0024 Importantly, in this embodiment, for the first and 
Second connection pads to be located on the same side of the 
Substrate, the Second connection pad is offset from the 
location of the first connection pad by a Selected offset 
distance. In this instance, a portion of the Second trace is 
offset from the position of the first trace in order to connect 
to the Second connection pad. To reduce the magnetic flux 
emissions from the offset portion of the Second trace, the 
first lead extends along the first Surface of the Substrate 
overlying the portion of the Second trace that is offset from 
the first trace. AS Such, the magnetic flux emitted from the 
offset portion of the second trace is effectively cancelled by 
the magnetic flux emitted from the portion of the first lead 
that overlies the Second trace. 

0.025 For example, in one embodiment, the second con 
nection pad is located at position in front the first connection 
pad, and the Second trace extends past the position of the first 
connection pad to connect the Second connection pad. In this 
embodiment, the Second trace Substantially overlies the 
entire length of the first trace So that the magnetic flux from 
the first trace is Substantially cancelled by the magnetic flux 
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emitted by the second trace. Further, the first lead of this 
embodiment extends from the first connection pad over the 
portion of the Second trace that extends past the first con 
nection pad to the Second connection pad to thereby Sub 
stantially cancel the flux emitted from this section of the 
Second trace. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. Having thus described the invention in general 
terms, reference will now be made to the accompanying 
drawings, which are not necessarily drawn to Scale, and 
wherein: 

0027 FIG. 1A is an illustration of typical prior art 
wire-based heating element. 
0028 FIG. 1B is an illustration of typical prior art 
wire-based heating element in a flexed orientation. 
0029 FIG. 2 is an illustration of typical prior art Sub 
Strate-based heating element. 

0030 FIG. 3A is an illustration of a wire-based heating 
element according to one embodiment of the present inven 
tion. 

0031 FIG. 3B is an illustration of a wire-based heating 
element according to one embodiment of the present inven 
tion in a flexed orientation. 

0032 FIG. 3C is an enlarged cross-section view along 
cut line 3C-3C in FIG. 3B. 

0033 FIG. 4A is an illustration of a wire-based heating 
element attached to a backing material according to one 
embodiment of the present invention. 
0034 FIG. 4B is an illustration of a wire-based heating 
element attached to a backing material according to one 
embodiment of the present invention in a flexed orientation. 
0035 FIG. 4C is an enlarged cross-section view along 
cut line 4C-4C in FIG. 4B. 

0036 FIG. 5 is an illustration of a wire-base heating 
element according to one embodiment of the present inven 
tion attached to a fiber optic gyro. 

0037 FIG. 6A is an illustration of substrate-based heat 
ing element according to one embodiment of the present 
invention. 

0038 FIG. 6B is an enlarged cross-section view along 
cut line 6B-6B in FIG. 6A. 

0039 FIGS. 7A-7C illustrate fabrication of a wire-based 
heating element according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0040. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments Set forth herein; rather, these embodiments are 
provided So that this disclosure will be thorough and com 
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plete, and will fully convey the Scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 

0041 AS discussed in detail, the present invention pro 
vides heating elements having reduced magnetic flux emis 
Sions. Specifically, in one embodiment, the present invention 
provides a heating element having a body made of two 
portions that are twisted about each other. Current is applied 
to the heating element to produce heat to the environment 
about the heating element. The current flows through the 
first portion to the Second portion of the heating element. In 
this configuration, magnetic flux emitted from current flow 
ing in one portion is Substantially cancelled by magnetic flux 
emitted from current flowing in the other portion Such that 
little to no measurable magnetic flux is emitted from the 
heating element. Importantly, the present invention uses a 
bonding material that at least partially covers the two 
portions of the heating element. The bonding material 
restricts movement of the two portions of the heating 
element relative to each other. This, in turn, Substantially 
eliminates Separations and/or air gaps from forming between 
the first and Second portions of the heating element that 
might otherwise decrease the magnetic flux cancellation 
between the first and Second portions. AS Such, the bonding 
material allows the heating element to be flexed or otherwise 
moved, without a significant increase in the net magnetic 
flux emitted from the heating element. 

0042. With reference to FIG. 3A, an example of this 
embodiment of the heating element of the present invention 
is illustrated. Specifically, the present invention provides a 
heating element 40 having a body 42 formed of two por 
tions, 44 and 46. Each portion respectively has first and 
second ends, (44a-44b) and (46a-46b). The first ends, 44a 
and 46a, of the portions are respectively connected to 
connection pads, 48 and 50. The opposed ends, 44b and 46b, 
are connected together So as to form a continuous current 
path between the connection pads, 48 and 50. The first and 
Second portions of the heating element are twisted about 
each other tightly So as to minimize any locations where the 
two portions do not touch. Particular attention is paid to the 
transition area 52 between the first and second portions, 44 
and 46, of the heating element 40 to ensure that the loop 52 
is minimal with minimal to no air gap. 
0.043 Importantly, the heating element of the present 
invention further includes a bonding material 54 that at least 
partially overlies the first and Second portions of the heating 
element. This is better illustrated in FIG. 3C. The bonding 
material fixedly connects together the portions, 44 and 46, of 
the heating element that are twisted about each other. AS 
shown in FIG. 3B, where the heating element is flexed. The 
bonding material restricts the movement of the first and 
Second portions relative to each other. In other words, the 
bonding material fixedly connects the two portions together 
So that they will not separate from each other. This, in turn, 
minimizes variations in flux cancellation between the por 
tions if the heating element is flexed. AS Such, the heating 
element of the present invention can be moved, flexed, etc. 
without diminishing the flux cancellation characteristics of 
the heating element. 

0044) In most embodiments, the bonding material is a 
Varnish that is applied with a brush or Sprayer over the 
heating element, but can be any bonding agent. Preferable 
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bonding agents have Some degree of flexibility and elasticity 
so that they will flex with the heating element. 
0045. With reference to FIGS. 4A-4C, in some embodi 
ments, it is advantageous to provide a backing material 56 
for the heating element 40. This backing material provides 
further Support to the heating element and may also be used 
to connect or attach the heating element to a Surface of a 
device to be heated. In the latter case, a layer of adhesive 
material 58 is deposited on the backing material 56 for 
adhering the heating element to a Surface. In Some embodi 
ments, the backing material is a form of tape, Such as 
masking tape, electrical tape, metallic foil tape, etc. Impor 
tantly, in this embodiment as shown in FIG. 4C, the bonding 
material 54 overlies the heating element 40 and bonds the 
heating element 40 to the backing material 56, such that the 
heating element is fixedly connected to the backing material. 
As illustrated in FIG. 4B, when the heating element and 
backing material are flexed, the bonding material maintains 
the first and Second portions, 44 and 46, in a fixed configu 
ration relative to each. The bonding material keeps Separa 
tions and/or air gaps from forming between the first and 
Second portions that could reduce the degree of magnetic 
flux cancellation between the two portions of the heating 
element. 

0046. As mentioned previously, precision fiber optic 
gyros (FOGS) are sensitive to even slight variations in 
operating temperature and as Such, require temperature 
control devices to maintain the FOGS at a desired tempera 
ture. With reference to FIG. 5, in view of this problem, the 
present invention provides a heating element similar to the 
one illustrated in FIGS. 4A and 4B for use in temperature 
regulation of FOGS. The heater includes a heating element 
40 having a body 42 with first and second portions, 44 and 
46, twisted about each other. The ends of the heating element 
are connected to a power Source 60. In use, current flows 
through the first portion to the Second portion back to the 
power Source. The magnetic flux emitted by the first portion 
is substantially cancelled by that emitted by the second 
portion. Bonding material 54 holds the first and second 
portions of the heating element in fixed relationship to each 
other and also bonds them to a backing material 56. The 
backing material includes an adhesive layer 58. The adhe 
Sive layer is used to attach the Strip heater to the either the 
Surface of the FOG 62 or to a Surface near the FOG So as to 
provide heat to the environment surrounding the FOG.. As 
illustrated, the surface of the FOG has a curved shape, and 
the heating element is flexed So as to adhere to the Surface 
of the FOG.. Importantly, the bonding material maintains the 
first and Second portions of the heating element in a fixed 
relationship to each other Such that Separations and/or air 
gaps do not form between the portions when the heating 
element is flexed into the curved shape. 
0047 As illustrated in the above embodiments, the heat 
ing element is formed from wire. It must be understood that 
any type of wire may be used that will provide desired 
heating characteristics. The wire should, however, be coated 
with insulation so that the wire does not short circuit when 
twisted about itself. As an example of Suitable wire, in one 
embodiment, the present invention uses enamel insulated, 
manganin wire having a diameter of 0.005 inches. Any 
gauge wire can be used, but wires having a diameter in the 
range of 0.010 to 0.001 inches have demonstrated acceptable 
performance. 
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0.048 AS mentioned previously, heaters designed accord 
ing to the present invention have little to no measurable net 
flux emissions. For example, a Seven (7) watt heater was 
designed according to the present invention. The heater had 
flux emissions between Zero, (immeasurably Small, using a 
flux-gate magnetometer Sensitive to at least 0.005 gauss), 
and at worst about 0.05 gauSS, measured while touching the 
heater, (i.e., distance>0.005 inches, allowing for paint and 
other coatings on the meter probe). 

0049. In addition to providing wire-based strip heaters, 
the present invention also provides Substrate-based heaters 
that minimize the net magnetic flux emitted by the Strip 
heater. Specifically, FIGS. 6A and 6B illustrates a substrate 
based heater according to one embodiment of the present 
invention. The heater 64 of this embodiment, includes a 
Substrate 66 having first and Second opposed sides. First and 
second electrically resistive traces, 68 and 70, are respec 
tively deposited on the opposed sides of the Substrate. 
Importantly, the traces, 68 and 70, are patterned and posi 
tioned relative to each other such that they overly one 
another. In this configuration, if a current flows in one 
direction in the first trace and in an opposite direction in the 
Second trace, the magnetic flux emitted from the first trace 
will be substantially cancelled by the magnetic flux emitted 
from the Second trace. 

0050 Each trace includes respective first, 68a and 70a, 
and second, 68b and 70b, ends. The second ends are 
connected to each other by a via 72 extending through the 
substrate to create a continuous circuit path between the first 
ends, 68a and 70a, of the traces. With regard to the con 
nection of the Second ends of the traces, the Substrate-based 
heating element of the present invention differs from the 
conventional Substrate-based heating element 20 illustrated 
in FIG. 2 in one significant aspect. Specifically, as shown in 
FIG. 6A, the traces, 68 and 70, of the present invention 
overly each other up until the point that they connect to the 
via 72. The traces do not include a loop 30 as does the 
conventional Substrate-based heating element 20 illustrated 
in FIG. 2. Because the traces overly each other as opposed 
to forming a loop, the magnetic flux emitted by the first and 
Second traces are more efficiently cancelled Such that leSS net 
magnetic flux is emitted by the heating element of the 
present invention. 

0051 Although not required, in some embodiments of 
the present invention, it is desired to make connections to 
both the first and second traces from one side of the 
substrate. This allows the opposite side of the Substrate to 
remain flush with the surface of the device to be heated by 
the heating element. For example, as illustrated in FIGS. 6A 
and 6B, the Substrate-based strip heater 64 of this embodi 
ment of the present invention includes first and Second 
connection or contact pads, 74 and 76, respectively, for 
connection to the first and second traces, 68 and 70. In this 
embodiment, the connection pads are both located on the 
first surface of the substrate 66. They are offset from each 
other by a distance D. Importantly, in this embodiment, a 
portion 78 of the second trace 70 is offset from the position 
of the first trace 68 in order to connect to the second 
connection pad 76 by a via 79 extending through the 
substrate 66. As discussed previously, the portion 78 of the 
second trace 70 not overlying the first trace 68 is problematic 
as it emits magnetic flux that should be eliminated to prevent 
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the magnetic flux from interfering with the electronic device 
with which the heating element is associated. 
0052 The substrate-based strip heating element of the 
present invention eliminates this problem in two ways. First, 
instead of placing the Second connection pad at a position 
beside the first connection pad, the Second connection pad of 
the present invention is placed at an offset D passed the first 
connection pad 74, such that the second trace 70 extends 
passed the end 68a of the first trace 68 and the first 
connection pad 74. In this configuration, unlike the conven 
tional heating element of FIG. 2, the second trace 70 
substantially underlies the entire length of the first trace 68, 
such that all of the magnetic flux emitted by the first trace 68 
is cancelled by the magnetic flux emitted by the portion of 
Second trace 70 that underlies the first trace 68. In other 
words, unlike the conventional Substrate-based Strip heater 
20 of FIG. 2, all portions of the first trace 68 of the heater 
64 of the present invention is overlaid by the second trace 
70. 

0053 As illustrated in FIGS. 6A and 6B, the substrate 
based strip heater 64 of the present invention further 
includes first and second leads, 80 and 82, respectively 
connected to the first and second connection pads, 74 and 76. 
Importantly, as illustrated, the first lead 80 extends along the 
first surface of the substrate overlying the portion 78 the 
second trace 70 that is offset past the first trace 68 and first 
connection pad 74. In this configuration, the magnetic flux 
emitted by the portion 78 of the second trace is substantially 
cancelled by the magnetic flux emitted from the portion of 
the first lead that overlies the portion 78 of the second trace. 
As such, the Substrate-based strip heater 64 of this embodi 
ment of the present invention allows for both the first and 
second connection pads, 74 and 76, to be located on the 
Same Surface, while at the same time Substantially canceling 
the magnetic flux emitted by the first and second traces, 68 
and 70, along their entire length. 
0054 As mentioned above with regard to both the wire 
based and Substrate-based Strip heaters, the wire or traces are 
typically formed in a pattern on the backing or Substrate So 
as to provide uniform heat within a given area. In addition 
to providing designs for heating elements that more effec 
tively reduce net magnetic flux emissions, the present inven 
tion also provides methods for placement of the heating 
elements on a backing or Substrate having a defined area 
Such that the heating element provides a desired wattage of 
heat within the defined area. Specifically, FIG.7C illustrates 
an embodiment of the present invention in which the body 
of the heating element is formed in a Serpentine or ZigZag 
pattern on a backing material 56 having an area defined by 
width W and length d. In this embodiment, the Serpentine or 
ZigZag pattern is formed of individual triangles 84 having 
Sides length r and base length 2x where each triangle is 
dimensioned Such that a needed length L of the heating 
element body 42 fits within the area of the backing material 
56, (i.e., wxd). Specifically, in this embodiment, the half the 
length X of the base of each triangle formed by a ZigZag 
portion of the body of the heating element is: 

x=w(L°/d)–1'. 
0055. Using this dimension, the heating element can be 
defined within the area of the backing to provide the desired 
heating. 
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0056. The following is an example of the use of the above 
equation to construct a heater according to the present 
invention. For example, if an application requires five (5) 
watts of heat and uses a 24 Volt power Source, then the 
needed total resistance is R=V/W=115.2 S2. If a heating 
element is chosen that has a resistance value per foot of 24.0 
C2/ft, then it will require 4.8 ft or 57.6 inches of the heating 
element. Since the heating element is folded in two, then the 
length L of the heating element is 28.8 inches. If the backing 
material has a width w-5/8 inches and a length of d=15 
inches, then half the base X is equal to: 

0057 With reference to FIGS. 7A-7C, to manufacture the 
heater of this example, the backing material 56 is first spread 
acroSS a flat Surface. The heating element 42 is Selected, cut 
to length, folded in half, and twisted about itself into a tight 
wind, ensuring that there are little to no Separations or air 
gaps between the two portions of the heating element. Pins 
86 or other type guides are then used to lay out the ZigZag 
pattern on the backing material. Specifically, a first row of 
pins is placed in a row Spaced apart by 2x along one 
peripheral width edge 88. Another row of pins are placed at 
the opposite peripheral width edge 90 offset by X from the 
first row and Spaced apart from each other by a distance 2x. 
The heating element is then routed around each pin in a 
Serpentine fashion. Finally, a bonding material is applied to 
the heating element and the backing material to bond the two 
portions of the heating element to each other and also to the 
backing material. After the bonding material has cured, the 
pins are removed to provide the heating element. Although 
not illustrated, it is understood that the heater of this 
example could also be implemented in a Substrate-based 
heating System using known etching and/or deposition tech 
niques. 

0.058. The example above illustrates the application of 
one continuous heating element to meet a desired heat for a 
given area. It must be understood however that more than 
one heating element can be used. For example, Several 
heating elements could be placed on the backing material 
either in parallel or in Series to provide the desired heat 
output. 

0059. Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to which 
this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention 
is not to be limited to the specific embodiments disclosed 
and that modifications and other embodiments are intended 
to be included within the Scope of the appended claims. 
Although specific terms are employed herein, they are used 
in a generic and descriptive Sense only and not for purposes 
of limitation. 

What is claimed is: 
1. A heater having reduced Stray magnetic field emissions 

comprising: 

at least one electrically conductive heating element hav 
ing a body comprising first and Second portions that are 
twisted about each other Such that magnetic flux emit 
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ted from current flowing in one portion is Substantially 
cancelled by magnetic flux emitted from current flow 
ing in the other portion; and 

a bonding material at least partially overlying Said first 
and Second portions of Said heating element, wherein 
Said bonding material fixedly connects together Said 
portions of Said heating element that are twisted about 
each other Such that Said portions are restricted from 
movement relative to each other thereby minimizing 
Variations in flux cancellation between Said portions if 
the heating element is flexed. 

2. A heater according to claim 1 further comprising a 
backing material for attaching Said heating element thereto. 

3. A heater according to claim 2, wherein Said bonding 
material bonds Said heating element to Said backing mate 
rial. 

4. A heater according to claim 1 further comprising an 
adhesive layer attached to Said backing material for adhering 
Said backing material and heating element to a Surface. 

5. Aheater according to claim 2, wherein at least a portion 
of Said body of Said heating element is attached in a 
Serpentine pattern to Said backing material to decrease Strain 
on Said heating element due to a tension force applied to Said 
heating element. 

6. A heater according to claim 2, wherein Said backing 
material has a defined length and width, wherein Said 
heating element has a length Selected to provide a desired 
amount of heat, and wherein at least a portion of Said body 
of Said heating element is attached in a Serpentine pattern to 
said backing material So as to decrease the length of Said 
heating element Such that Said heating element will fit within 
the defined length and width of Said backing material. 

7. Aheater according to claim 2, wherein Said body of Said 
heating element forms a ZigZag pattern on Said backing 
material, and wherein for each ZigZag portion, Said body of 
Said heating element forms a triangle having Sides r and a 
base 2x. 

8. A heater according to claim 7, wherein Said first and 
Second portions of Said heating element each have a length 
L and Said backing material has an area with a length d and 
a width w defined thereon, and wherein half the length of 
Said base of the triangle formed by a ZigZag portion of Said 
body of Said heating element is: 

9. A heater according to claim 1, wherein Said heating 
element is composed of two electrical heating elements 
having bodies extending between opposed ends, wherein an 
end of Said first heating element is connected to a corre 
sponding end of Said Second heating element in order to 
create a continues circuit path between opposed ends of Said 
heating elements. 

10. A heater having reduced Stray magnetic field emis 
Sions comprising: 

at least one electrically conductive heating element hav 
ing a body comprising first and Second portions that are 
twisted about each other Such that magnetic flux emit 
ted from current flowing in one portion is Substantially 
cancelled by magnetic flux emitted from current flow 
ing in the other portion; 

a backing material for attaching Said heating element 
thereto, and 
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a bonding material at least partially overlying Said first 
and Second portions of Said heating element, wherein 
Said bonding material fixedly connects Said portions of 
Said heating element that are twisted about each other 
and also bonds Said heating element to Said backing 
material Such that the portions are restricted from 
movement relative to each other thereby minimizing 
variations in flux cancellation between the portions if 
the heating element is flexed. 

11. A heater according to claim 10 further comprising an 
adhesive layer attached to Saidbacking material for adhering 
Said backing material and heating element to a Surface. 

12. A heater having reduced Stray magnetic field emis 
Sions comprising: 

a backing material; and 
at least one electrically conductive heating element 

attached to Said backing material, 
wherein Said heating element has a body comprising first 

and Second portions that are twisted about each other 
Such that magnetic flux emitted from current flowing in 
one portion is Substantially cancelled by magnetic flux 
emitted from current flowing in the other portion, and 

wherein Said heating element forms a ZigZag pattern on 
Said backing material, wherein for each ZigZag portion, 
Said body of Said heating element forms a triangle 
having Sides r and a base 2x, wherein Said first and 
Second portions of Said heating element have a length 
L and Said backing material has an area. With a length 
d and a width w defined thereon, and wherein half the 
length of Said base of Said triangle formed by a ZigZag. 
portion of Said heating element is: 

13. A heater having reduced Stray magnetic field emis 
Sions comprising: 

a Substrate having first and Second opposed sides, 
first and Second heating element traces respectively 

located on the first and Second opposed Sides of Said 
Substrate, Said first and Second traces overlying each 
other on opposed Sides of Said Substrate; 

a first connection pad located on Said first Side of Said 
Substrate and in electrical communication with an end 
of Said first trace; 

a Second connection pad also located on Said first Side of 
Said Substrate and in electrical communication with an 
end of Said Second trace, wherein Said Second connec 
tion pad is located on the first Surface of Said Substrate 
at a location offset from the location of said first 
connection pad by a Selected offset distance, and 
wherein a portion of Said Second trace is offset from the 
position of Said first trace in order to connect to Said 
Second connection pad; and 

first and Second leads electrically connected respectively 
to Said first and Second connection pads, wherein Said 
first lead extends along Said first Surface of Said Sub 
Strate overlying the portion of Said Second trace that is 
offset from said first trace. 

14. A heater having reduced Stray magnetic field emis 
Sions comprising: 
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a Substrate having first and Second opposed Sides, 
first and Second heating element traces respectively 

located on the first and Second opposed Sides of Said 
Substrate, Said first and Second traces having at least 
one of a corresponding pattern and a corresponding 
position relative to each other Such that magnetic flux 
emitted from current flowing in Said first trace is 
Substantially cancelled by magnetic flux emitted from 
current flowing in Said Second trace; 

a first connection pad located on Said first Side of Said 
Substrate and in electrical communication with an end 
of Said first trace; 

a Second connection pad also located on Said first Side of 
Said Substrate and in electrical communication with an 
end of Said Second trace, wherein Said Second connec 
tion pad is located on the first Surface of Said Substrate 
at a location offset from the location of said first 
connection pad by a Selected offset distance, and 
wherein a portion of Said Second trace is offset from the 
position of Said first trace in order to connect to Said 
Second connection pad; and 

first and Second leads electrically connected respectively 
to Said first and Second connection pads, wherein Said 
first lead extends along Said first Surface of Said Sub 
Strate overlying the portion of Said Second trace that is 
offset from Said first trace, Such that magnetic flux 
emitted from current flowing in the offset portion of 
Said Second trace is Substantially cancelled by magnetic 
flux emitted from current flowing in said first lead. 

15. A heater according to claim 14 further comprising a 
via extending between the first and Second Surfaces of Said 
Substrate for connecting together the ends of Said first and 
Second traces opposite Said ends connected respectively to 
Said first and Second connection pads So as to create a 
continuous electrical circuit from Said first connection pad to 
Said Second connection pad. 

16. A heater according to claim 14, wherein Said first and 
Second leads are twisted about each other Such that magnetic 
flux emitted from current flowing in one lead is Substantially 
cancelled by magnetic flux emitted from current flowing in 
the other lead. 

17. A heater having reduced Stray magnetic field emis 
Sions comprising: 

a Substrate having first and Second opposed Sides, 
a first heating element trace having first and Second ends 

located on the first Side of Said Substrate; 
a Second heating element trace having first and Second 

ends located on the Second Side of Said Substrate, 
wherein Said Second trace overlies Said Second trace, 
Such that magnetic flux emitted from current flowing in 
Said first trace is Substantially cancelled by magnetic 
flux emitted from current flowing in Said Second trace; 

a first connection pad located on Said first Side of Said 
Substrate and in electrical communication with an end 
of Said first trace; 

a Second connection pad also located on Said first Side of 
Said Substrate and in electrical communication with an 
end of Said Second trace, wherein Said Second connec 
tion pad is located on the first Surface of Said Substrate 
at a location that is an extension by an offset distance 
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passed the location where Said first connection pad and 
Said first end of Said first trace are connected, and 
wherein a portion of Said Second trace extends past the 
first end of said first trace by the offset distance to 
connect to Said Second connection pad; and 

first and Second leads electrically connected respectively 
to Said first and Second connection pads, wherein Said 
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first lead extends along Said first Surface of Said Sub 
Strate overlying the portion of Said Second trace that is 
offset from Said first trace, Such that magnetic flux 
emitted from current flowing in the offset portion of 
Said Second trace is Substantially cancelled by magnetic 
flux emitted from current flowing in said first lead. 
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